Objective. To determine survival, mortality and causes of death in Danish patients with systemic sclerosis (scleroderma), and to analyse how these parameters are influenced by demographic variables and the extent of skin involvement.
T natural history of systemic sclerosis (SSc) varies PATIENTS AND METHODS depending on the extent and the severity of organ Patients involvement, which may range from non-progressive, A cohort of 344 patients with incident SSc was limited skin involvement to diffuse involvement of the retrospectively identified by means of the clinical charts skin and other organs. The disease duration may vary and by means of systematic study records prepared by from months to decades. Survival studies of inception the participating centres accounting for all new SSc cohorts which do not cover a long span of time may patients seen. Accurate clinical charts with detailed under-report deaths and causes of death occurring skin evaluations were available for all patients due to after a long disease duration. The opposite problem systematic recordings by the former chief of the may arise in studies which focus only on current clinic Department of Dermatology at Rigshospitalet in attenders. Such studies may under-report deaths and Copenhagen, Dr Asboe-Hansen; this was followed up causes of death occurring after short disease duration, by Dr Ullman. i.e. left censorship bias [1] . To overcome these probThe two participating centres are responsible for lems, we retrospectively attempted to identify an inceptreating patients with SSc on a national basis in the tion cohort of SSc patients covering a period of more eastern part of Denmark, the western part of the than three decades. We describe the survival of this country being serviced by other centres. Patients admitcohort and its mortality compared with a Danish ted to the two centres have all been evaluated at the background population. We also analyse the effect of Department of Dermatology at Rigshospitalet. Owing demographic parameters and the extent of skin involveto the detailed registration of the patients and the ment on the mortality and the causes of death. The collaboration between the two centres, we feel that this material represents an inception cohort of SSc patients extent of the skin involvement may be classified in from East Denmark. several ways which are considered separately in this
The patients were included in the study when the study.
onset of cutaneous sclerosis occurred after 1 January 1960. The observation period was terminated ultimo 1996 or at the time of death. This period of time was cohort and the expected rate of death of a comparable age-and sex-matched background. The mortality rates Rheumatology in 1980 [2] . Besides the classification of the general population were calculated by means of of skin involvement which is inherent in the classilife tables, representing the period of observation, fication criteria (distal and proximal; dividing line:
produced by the national institute of statistics of metacarpophalangeal/metatarsophalangeal joints), the Denmark (Danmarks Statistik). The 95% CIs of the maximum cutaneous involvement was described by SMRs were calculated by regarding the observed means of a two-subset model ( limited and diffuse number of deaths as a Poisson variable and by looking involvement; dividing lines: elbows and knees) [3] and up its related 95% interval in statistical tables. The a three-subset model (digital, extremity and truncal procedure followed the one described by Brennan and involvement; dividing lines: metacarpophalangeal/metaJones [6 ]. The comparison of incidence densities was tarsophalangeal joints and shoulders/groins) [4] .
performed by the Poisson dispersion test [7] weighted for the number of contributing patient-years at risk.
Outcome variables
The influence of skin involvement on survival was The outcome variables of this study were the vital analysed using Cox regression analysis allowing adjuststatus and the causes of death. The vital status at the ment for sex and age. end of the study ultimo 1996 was established by RESULTS reviewing the clinical charts and by contacting the Danish Central Person Register (CPR), in which all
Demographic and basic clinical variables
The basic demographic data of the study population Danish citizens are registered. The Danish CPR is a reliable source of information about the vital status are presented in Table I . The 344 patients included 296 (81%) women. All patients were Caucasian. The and the dates of death. The causes of death were based on information obtained from the hospital charts and median age at first visit was 55 yr. The sex ratios differed significantly when comparing surviving and the autopsy reports (80%) and death certificates (20%). risk of death (mortality rate) for all the patients in the material was 4.3%/yr ( Table IV ) . The crude mortality rate did not vary significantly throughout the duration deceased patients since relatively more men than of disease, ranging from 2.8 to 5.6%/yr ( Table II ) . For women died during the observation period. The the first 5 yr of the disease duration, the SSc-related deceased patients were significantly older than the mortality rate did not differ from the unrelated mortalsurviving patients at the time of onset of Raynaud's ity rate, but after 5 yr it was significantly lower. This phenomenon and at the time of onset of cutaneous finding indicates that SSc-related mortality was primarsclerosis. The disease duration did not differ significily clustered in the early years of the disease duration. antly between surviving and deceased patients.
With regard to the classification criteria, 317 patients (92%) had proximal scleroderma, the 27 remaining
Standardized mortality ratio The SMR of the SSc cohort compared with the patients had distal involvement only (digital ). All patients had sclerodactyly. Digital pitting scars were general population was 2.9 [2.5-3.4] . In order to identify factors that contributed significantly to this seen in 214 patients (62%) and 88 patients (26%) had radiographic evidence of pulmonary fibrosis.
increased risk of death, we stratified the material according to gender, age groups, age at disease onset The distribution of skin involvement according to the two-subset model was limited involvement in 66% and types of skin involvement. In Table IV , the strata specific mortality rates and SMRs are presented. and diffuse involvement in 34% ( Table I ). The distribution of skin involvement according to the three-subset
The mortality rates increased with age, whereas the SMR decreased with increasing age. When stratifying model was digital involvement only in 8%, extremity involvement without truncal (extremity) involvement the cohort according to gender, men had a significantly higher mortality rate compared with women, but the in 61%, and truncal involvement in 31%. The extent of the skin involvement significantly Infections 19 influenced both the mortality rates and the SMR. The
Pulmonary 13 mortality rate and the SMR were identical for patients Septicaemia 4 with digital and extremity involvement ( Table IV ) . 
Causes of death
Other 12 The primary causes of death were related to SSc in 26% of the patients and to infections in 12%.
C. Unknown 10
Malignancy and other causes were responsible for 19 and 37% of the deaths. Most of the SSc-related mortality was caused by SSc renal crisis, pulmonary arterial women and more often in patients with late-onset disease than in patients with early-onset disease. Other hypertension, or cachexia due to oesophageal dysfunction or malabsorption ( Table V ) . Pneumonia was the causes of death, cardiovascular events in particular, were observed most frequently in patients with disease most common fatal infection. Lung cancer was the most common fatal malignancy.
onset after the age of 55 yr. The distribution of known causes of death was DISCUSSION influenced by gender, age at onset of disease and skin involvement (Tables VI and VII ). The highest rates of In this study, we have found a 3-fold increased risk of death among patients with SSc compared with a SSc-related mortality were seen in male patients, patients with onset of disease after the age of 55 yr sex-and age-matched Danish background population. Previous studies have also shown that SSc patients and in patients with truncal skin involvement ( Table VII ) . Patients with truncal skin involvement have a high mortality rate compared with the general population [4, 8] . However, only two previous studies had a 3.7-fold increased risk of dying of an SScrelated cause. However, when adjusting for the have used the SMR as the main measure of mortality.
In an English SSc cohort, the SMR was found to be expected number of deaths, the percentage of SScrelated deaths among the excess deaths was not 4.0 [9] and in a Canadian SSc cohort the SMR was 4.7 [10] . The total number of deaths in the two studies increased either in the men or in the patients with disease onset after the age of 55 yr. Patients with and in the present one was 276, and the expected number was 81, equalling an SMR of 3.4. The 5 and truncal skin involvement still included the highest proportion of SSc-related deaths ( Table VI ) . None of 10 yr survivals of the present study cohort were similar to those observed in an English study using the same the patients with digital sclerosis alone died of pulmonary arterial hypertension.
definitions of disease duration [9], i.e. the time from the onset of skin changes until status or death. The rate of fatal infections was uninfluenced by sex, age at disease onset and the extent of skin involvement.
The excess mortality, however, was not exclusively explained by the SSc-related deaths, which accounted Fatal malignancy was seen more often in men than in for only 39% of the excess mortality. The SSc-related A review of the effect of demographic factors on survival [16 ] stated that several studies have shown causes of death were renal in 41%, pulmonary in 32% and gastrointestinal in 22%. The corresponding figures an increased mortality in men and in patients with late onset. Since survival in the general population in a North American multicentre study were 39, 20 and 15% [8] . In the English survival study [9] , the decreases with increasing age and since it is higher in women than in men, these factors need to be adjusted figures were 15, 44 and 9%. The lower proportion of fatal SSc renal crisis in the latter study was probably, for when interpreting survival data. In this study, we found the mortality rate to be higher in men than in as the authors argue themselves, caused by improvement in the treatment of SSc renal crisis, since their women, but the difference was reduced after background correction. When pooling the results from the patients have been included~10 yr later than the North American cohort and our cohort.
English [9] , the Canadian [10] and the present study, the SMRs for men and women are almost the same, The number of deaths not directly related to SSc was about twice the expected number, i.e. SSc also namely 3.7 and 3.3, respectively. We found higher SScand cancer-related mortality rates in men than in increases fatal co-morbidity. The causes of deaths not directly related to SSc were mainly cardiovascular, women, but the proportion of SSc-related deaths among the excess deaths was not influenced by gender, lending validity to the previously described association between SSc and macrovascular disease [11] . One-fifth contrary to a previous report [9] . As expected, we found an increasing mortality rate of the deaths were caused by malignancy. Previous studies also suggested an increased incidence of cancer with increasing age. After background correction, the SMR was highest in patients <55 yr, but the age at in patients with SSc [12, 13] . An increased incidence of lung cancer has been the most prevailing finding disease onset did not influence the SMR. Patients aged Á55 yr at disease onset had the highest rates of SSc, [14, 15] , which is in accordance with our results.
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